Abstract: An experiment on rearing of common carp was carried out in three types
Introduction
Fish is the cheapest source of protein in hilly region as well as an alternate source of income. Moreover, fish culture in hills encourages conserving the water and indigenous biodiversity. Common carp (Cyprinus carpio, communis) is one of the oldest cultured and most domesticated fish in the world. The common carp presently grown in India originated from two introductions, first in 1939 (German strain) and second in 1957 (Bangkok strain). Common carp is the main species of coldwater aquaculture. The culture of this fish species has gained many advantages for livelihood and commercial purposes because of its fast growth, high tolerance and easiness to handle, ability to be raised in high density in water volume, acceptability of wide range of feeds. In temperate aquaculture, the approach of mixed farming using indigenous and exotic carps is
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Region not yet reported however, the monoculture of common carp is practiced in different Himalayan states as well as in the uplands of Deccan plateau. In the upland waters the Indian major carps do not grow well due to the low thermal regime. Therefore, Chinese carps are taken as the candidate species for mixed culture in mid hilly area of Uttarakhand state. Performance of common carp culture was evaluated in monoculture and polyculture systems in the cemented ponds of the experimental fish farm, DCFR, Champawat (Tyagi and Behl, 1998; Tyagi et al., 1999) . However, carp culture in different pond environments is not yet on record.
As the temperature is one of the most important parameter for growth of any fish species, different pond systems which may encompass fluctuations in temperature needs to be studied in depth. Thus, in the present investigation, three different pond environments viz. cemented
Stocking density (2 fish/sq m), food and feeding and other intercultural activities were similar for all the tanks. Length and weight of the fish was taken on monthly basis (a sample size of 30 specimens from each pond were randomly selected). All data were pooled in four groups according to different seasons (season 1-Spring: March-May, season 2-Summer: JuneAugust, season 3-Autumn: September-November and season 4-Winter: December-February) to develop a comprehensive length-weight model of this fish species. The specimens of this fish species ranged 33-220 mm in length and 2-207 gm in weight. Monthly average length of common carp was also separately observed for each pond/ tank to study its growth pattern (presented in Table 1 ). Data was analyzed by using SPSS 12.01.
Length-Weight Model
In general, the change in weight of fish with respect to its length is described by the equation:
where 'W' is the observed fish weight, 'L' is the observed fish length and 'a' and 'b' are the parameters to be estimated. Also, the linearized form of equation is obtained by taking logarithmic transformation on both sides of the above equation, as
The analysis of covariance (ANCOVA) is a combination of analysis of variance and regression analysis. ANCOVA is most commonly applied in fisheries to check if the regression lines for the groups are parallel. If there is evidence that the individual regression lines are not parallel, then a separate regression line must fit for each group for prediction purposes.
Growth Models
Denoting the 'size' of a fish ('size' can refer to standard length, body weight, etc.) by L t at a particular age of t. Let, pond, earthen pond and poly tank (polythene lined earthen pond) were considered to study the growth performance of common carp.
The mathematical relationship between length and weight of the growing fish has great significance with regard to their morphology, biology and growth rate. Natarajan et al. (1977) reported the difference between length-weight relationships of intra-specific populations inhabiting the same water body. Several biological factors like sex (Reddy, 1981) , size of the fish (Devraj, 1973) , physiological condition and gonad maturity (Le Cren, 1951; Bashirullah, 1975) , feeding (Reddy, 1981) and fatness have significant influence over length-weight relationship of fish. Different seasons may also influence this relationship. There is no information on influence of season while establishing the length-weight relationship of common carp in captive condition. Further, we have seen plenty of work related to growth study of common carp however, in most of the cases, the researchers mainly concentrated only on finding of either length or weight, or both at some age interval of the fish. Based on the incremental value of length or weight between the age intervals, growth structure of this fish species is defined. The present investigation aims to find out a comprehensive length-weight relationship and growth pattern of common carp in pond environments, which can be directly used in fishery assessment.
Materials and Methods

Data Collection
A field trial experiment was conducted for rearing of common carp in three different pond systems viz. earthen ponds, cemented pond and poly tank (polythene lined) having size of about 100 sq m with an average depth of 1.5 m in triple replication, at field centre, DCFR, Champawat (Uttarakhand) and at selected farmer's field of Champawat district at mid altitude area of Uttarakhand (1670 -1800 m asl). 
In the above growth model equations, the unknown parameters, viz. L ∞ , K, b and t 0 have biological meanings. It is also worth highlighting that small fast growing fish species are characterize by large K and small L ∞ values while long-lived slow growing species have small K and larger L ∞ values.
For deciding best-fitted models, the coefficient of determination, R 2 and mean square error The better model will have the least value of MSE and larger value of R 2 .
Results and Discussion
The results of the analysis of covariance (ANCOVA) are presented in Table 2 , which shows that seasonal effect on length-weight relationship of common carp is highly significantly different (F calculated value = 105.834, p<0.01) in the temperate climate of the mid hills. The regression lines due to different seasons are further examined in detail. Since the seasons 3 and 4 are not significantly different at 5% level of significance, they are combined together and slope of this regression line is further compared with seasons 1 and 2 separately, the corresponding tests were highly significant different at the critical level as shown in Table 2 . Thus, we can say that there are three distinct seasons viz. season-I: Spring (March-May), season-II: Summer (June-August) and season-III: Autumn and Winter (September-February) regarding length-weight relationship of common carp in the present culture systems.
The allometric model and its linearized form given by equations (1) and (2) were fitted using Levenberg-Marquardt and least squares method respectively to the datasets of three different seasons, separately. The estimates of parameter, other information of the fitted models are presented in Table 3 . KolmogorovSmirnov (K-S) test p-values show that the fitted models do not follow normality assumption (Table 3) . However, normality assumption is not so stringent for fitting of nonlinear models but it must strictly follow for linear and linearized models. Thus, the fitted nonlinear models are chosen as the appropriate length-weight models in this case. less than the critical value 1.96 at 5% level of significance for large sample size say, >50. Thus, fish follows isometric growth in season I. Moreover, the graphs of fitted models along with observed values are shown in Figure 1 , 2 and 3 for seasons-I, II and III respectively. The fish is healthier in the spring season as compared to other seasons. Thus, spring season favors good health and growth of common carp in the coldwater aquatic conditions.
Four different growth curves namely, logistic, Gompertz, von-Bertalanffy and Richards models were fitted using Levenberg-Marquardt method to the dataset of age (month)-at- Table 4 Fitting of growth models for common carp from different pond systems. logistic model shows better performance than other models when the criterion of MSE is used to identify the best-fit model since R 2 values are approximately same in all the cases. The model adequacy of logistic growth curve along with observed values is depicted in Figure 4 . Further, independence assumption about residuals is satisfied since the run test |Z| value (0.115 in Table 4 ) is well below the critical value 1.96 of normal distribution at 5% level of significance. However, Richards and von-Bertalanffy curves are found appropriate to represent the growth pattern of this fish in earthen pond and poly tank respectively when the above criterion of best-fit model was used. Also, the model adequacy of Richards and von-Bertalanffy growth curves along with their observed values are depicted in Fig. 5 and 6 respectively. The results reveal that there is no any specific growth pattern of common carp in these pond environments. In the long run, higher growth of fish is predicted in poly tank, approximately 41% and 34% higher growth as compare to cemented and earthen ponds respectively. Thus, we conclude that poly tanks are more suitable ponds for raising common carps in captive condition. Spring season is the peak growth period for common carp. Production of common carp could be increased by intensifying the feeding practice during spring season.
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